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5-Hydroxytryptamine (5-HT, serotonin) is widely distributed in both the vegetal and animal kingdoms. The biological importance in plants of an analogue of serotonin, the auxin, 3-indolylacetic acid, has been well known. Recently, it has also been reported that serotonin is present in several vegatebles. The fluorescence histochemical demon stration of monoamines has been developed by Scandinavian investigators (1) . This technique, now widely available, has made a great contribution to the study of neuron activity in animals. Udenfriend et al. (2) were the first to demonstrate the physiologically abundant presence of monoamines in plants such as; Musa paraddiaca L. MATERIALS AND METHODS
Materials
The plants used were mainly Musa paradisiaca L., Musa Basjoo SIEB., Allium Cepa L. and Citrus Limon BURM f.. The frutis of the banana were kindly supplied by Kyoto Botanical Graden. They were collected 3 times at the time-interval of one month from April when the fruits were immature. The fruits were divided into the fibrous peel and aro matically soft pulp for the histochemical procedure. The leaf of the banana was also used. The organs of plantain collected in middle and late summer were the green fruit and leaf. The organs of onion used were the squamouse stems and leaves fully mature and immature states. The peel of the mature lemon was subjected to the histochemical procedures.
Histochemical procedures
The fluorescence histochemical demonstration of the monoamines in the plants was followed by the method devised by Falk (1) and its modification by Fujiwara et al. (3) in the animal tissues. The pieces of the plant tissues were frozen in the isopentane chilled with liquid nitrogen. The frozen tissues were further dehydrated in vacuo at -35°C for 7 days. Then the tissues were exposed to formaldehyde gas at 80°C for one hour. Since the plant tissues were difficult to be paraffinzed, the tissues were infiltrated in vacuo with paraffin (m.p. 42°C) at 55°C for 36 hours. Then the tissues were embeded in paraffin (m.p. 56°C to 58°C) and sectioned at 10 to 20 ,u. The tissue sections were deparaffinized and mounted on the non-fluorescent glass at 60°C with the mixture of Entellan and xylene.
For microscopy, a fluorescence microscope (Carl Zeiss) with non-fluorescent objectives and a dark-field oil condenser was used. The light sourece was a HBO high-pressure mercury lamp (Osram) with a 3 or 4 mm Schott BG 12 filter showing a peak at 410 m,u. The secondary filter was "Zeiss 50" which absorbed the fluorescent wavelength below 490 m,u. For microphotography, Kodak TriX film was employed.
The treatment of freeze-dried tissues with formaldehyde gas converts plant tissue cate cholamine and serotonin to 3,4-dihydroisoquinolines and 1,2,3,4-tetrahydro j -carboline, which show green and yellow fluoresence, respectively. The specicicity of green and yellow fluorescence of plants was examined by the disappearance following sodium borohydride treatment and its reappearance after drying and formaldehyde gas treatment.
RESULTS

Musa paradisiaca L.
In accordance with the biochemical studies of Udenfriend et al. (2) on the presence of serotonin in plants, the fruits of the banana showed the intense fluoresence specific for serotonin. Phylogenetically, the fruit pulp of the banana belongs to the epigynous in the developing nature. On the other hand, the fruit peel consists of the receptacle and carpel. The fruit pulp consists anatomically of the carpel and three parts of the loculus. The seed in the loculus devoluted to the complete disposure of the ovules and to the embedding in the secondary tissues developed from the carpel (4, 5). Specific fluorescence of either serotonin or catecholamine was scarcely found in the cytoplasm of the epidermal cells of the fruit peel. However, most of the epidermal cells in the inner side of the peel, playing the role of the reserve tissue, exhibited the dense dis tribution of specific fluorescence. Most of the fluorescent materials in the parenchymal cells were starchgrain-like, but some were diffusely. The maturation of the fruit gave rise to an increase in fluorescence in the cells of the fruit pulp and peel (Fig. 1) .
The fruit pulp contained a consideably large amount of serotonin but the amount was less than that of the fruit peel. The fruit pulp contained parenchymal cells playing the reserve function. Although the parenchymal cells showed a round or oval structure , the serotonin fluorescence was found to be localized in the oval corpuscles or distributed dif fusely in the cytoplasm. The size of parenchymal cells of the fruit peel was so large and the cell gaps were so much that the distribution of serotonin was not uniform . In the case of fruit pulp, the situation was the opposite and the distribution of serotonin was uni form and not grainy (Fig. 2) .
Udenfriend et al. (2) also showed the presence of catecholamine in a considerable amount in the fruit of banana. In this respect, it was very interesting that the medullary cells showed specimens without treatment of paraformaldehyde did not show the specific fluo rescence. The specific fluorescence disappeared almost completely after treatment with sodium borohydride.
The leaf blade of the banana did not exhibit specific fluorescence, while the leaf vena tion exhibited a considerably abundant density of specific fluorescence in the vascular bundle of its venation (Fig. 3 ).
Musa Basjoo SIEB. (plantain)
The fruits of the plantain, grown wild in Kyoto district , were too small to be divided into the respective tissues for histochemical procedures . Morphologically, the plantain belongs to the same family as the banana . The serotonin fluorescence was also detected in the vascular bundles of the fruit wall . A dense distribution of specific fluorescence was also localized in the reserve tissues. A very weak yellow fluorescence was scarcely seen in the cell body. The intercellular distribution of yellow fluorescence , especially in the vascular bundle, was observed in the inner layer of the fruit wall . No fluorescence was detected in the central placenta. In the leaf of the plantain the specific fluorescence was found only in the vascular bundles (Fig. 4) . 
Allium Cepa L. (onion)
The distribution of the specific fluorescence in the epidermis of the bulb of onion was observed. The leaf of this plant did not show any specific fluorescence (Fig. 5 ).
Citrus Limon BURM f. (lemon)
The mature fruit peel did not develop specific fluorescence at all. This was in accord with the results shown by Udenfriend et al. (2) .
The non-specific fluorescence in the fruit peel of Citrus Tamurana HORT. ex TAKA HASHI (summer orange) and Citrus Unshiu MARC. (satsuma) was so intense that iden tification of specific fluorescence was difficult. 
DISCUSSION
It is well known that serotonin and catecholamine play an important physiological role in various organs of man and animals (6) . Since the outstanding development of a histochemical method that allows direct observation of a small amount of these substances, extensive studies have appeared to correlate the cellular localization of biogenic mono amines with their physiological significance.
In plants, the banana, for example, contains much serotonin and catecholamine. There have been several reports concerning their chemical analyses, which indicate that the amount of these substances in the banana vary according to the stage of plant growth. These finding suggest that the compound plays some important physiological role in plants as well (2, 7) . However, chemical analysis has a difficulty in showing the cellular localiza tion of these substances in the tissues. On the other hand, the histochemical technique enables us to discriminate the fine and precise localization of these substances, even in a part of the cells.
The fluorescence histochemical technique encountered in plant specimens has seldom been applied to plants. A difficulty was the infiltration of paraffin to the freeze-dried tis sues. However, as mentioned above, this was overcome by the following procedures: 1) freezing at an extremely low temperature, 2) drying thoroughly, 3) keeping the tissues in vacuo longer than in the case of animal tissues, before paraffin saturation, 4) slicing carefully without crushing cells. Thus, the histochemical technique developed excellent monoamine fluorescence on the plant tissues.
The specific fluorescence of monoamines in the banana fruit was greenish yellow or yellow. This fluorescence showed two peaks of emission at 490 and 540 m,u. It has been shown that the yellow fluorescence is due to both catecholamine and serotonin (8) .
In this experiment, it has been shown that serotonin is present in the banana in abundant amounts in reserve tissues such as the leaf blade. The presence of serotonin in the vascular bundle of the leaf blade suggests that tryptophan or 5-hydroxytryptophan synthesized in the leaf or some other organ may be enzymatically decarboxylated for transport to the reserve tissues. The browning of the banana fruit peel, caused by exposure to a low tem perature below 10°C, is ascribed (9) to the formation of melanin, which is presumably converted from DOPA (3,4-Dioxyphenylalanine) and its derivatives. It is interesting that plants treated with MAO inhibitors are prevented from the browning and the growth is retarded. The biochemical synthesis of the amines in the fruit, and factors which affect the synthesizing processes will be discussed in the next paper.
In the plantain as well as the banana, serotonin is localized in the vascular bundle cells. The distribution of serotonin can be distinctly and easily confirmed, because of less amount of serotonin in these.
The onion was characteristic in showing the localized serotonin fluorescence in its epidermal cells. Although much octopamine is found in lemon (10), this does not show any specific fluorescence, consistent with the non-reaction of octopamine with the formaldehyde.
In conclusion the fluorescence method is very useful in detecting small amounts of serotonin and catecholamine at cellular level in plants as well as in animal tissues. 
